Ghapter 33

e oture ng Propagation o L

e Light rays
® Reflection

® Refraction
» Index of refraction
» Snell’s Law

® Total Internal Reflection

» Critical angle
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Light Rays
A point source of light emits
spherical waves in all directions.

Each circle represents a
wave front or crest of a wave.

Rays are:

perpendicular to wave fronts

point in the direction of wave trav
are straight lines

If we are far enough away from the light
source, the spherical wave front looks flat.

= plane waves

Note that for plane waves:

wave fronts are parallel to each other
rays are parallel to each other and 1 to wave fronts
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Geometrical Optics

® Assumption: the dimensions are much larger than thejll “G&....... Poende \

» light follows straight-line paths (rays)
® Changes occur when a ray hits a boundary
» ray may bounce off (reflection)
» ray may bend into the other medium (refraction)
» ray may be absorbed (light energy = thermal energy)

Physical Optics

® Assumption:

» light must be considered as waves
e \Waves exhibit

» interference

» diffraction
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Reflection

ﬂ Angle of incidence = Angle of reflectiona]

Normal
to surface

Angle of : Angle of
incidence | reflection

l.nmdcm | Reflected
light ray

Notice the angles are measured with respect to the normal!
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This eye does not

see the light This eye
sees the

w  light

Eye at both
positions sees
the reflected
light

i — pr——

rough' surface

Specular reflection: smooth
surface has only one good
angle for reflected light to
enter your eye

Diffuse reflection: rough
surface has many different
“angles” so reflected light
can be seen at a variety of
locations
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Refraction of Light
What happens when light goes through a boundary?

It bends!

medium

vacuum
air
water
Reflected
rays ) g|aSS
Diamond

Why ? == light travels slower in a medium than in air:

: _ =c/ (o speed in vacuum
» index of refraction: v = cromer i s
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Refraction of Light
Snell’s Law: ﬂ

o Reflected

Air (n,
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Note: the angles are defined relative to the normal.
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Refraction: how does it bend?

n sin® =n sinod,

Normal

Normal
I

I Refracted |
Soifn,>n, (orv,<v,),then6,<0, e |
1
bend towards the normal ! 0, |
| Air (l’lz)
So if n, <n, (or v, > V1), then 0, > 0, Retlected 7\ .Water (ny)
’ ray .\ Incident
bend away from the normal ! ray

Q




More on Refraction

® Consider a light ray which
traverses a thick slab

» ray bends towards the
normal upon entering
the glass

» ray bends away from
the normal when it exits
from the glass

from

/.
) G‘I 2 h 2
object mage” (where object

appears to be)

» exiting light ray is at
same angle as original
ray, but is shifted over
to one side
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ConcepTest 33.1

o Parallel light rays cross interfaces
from air into two different media,
1 and 2, as shown in the figures
below. In which of the media is
the light traveling faster?

Refraction

(1) medium 1
(2) medium 2
(3) both the same
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ConcepTest 33.2 Refraction

To shoot a fish with a
machine gun, what should
you do?

(1) aim directly at the image
(2) aim slightly above
(3) aim slightly below

o
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4 ConcepTest 33.3 Refraction )

® To shoot a fish with a laser gun,
should you aim directly at the
image, slightly above, or slightly (2) aim slightly above

below? (3) aim slightly below

(1) aim directly at the image

[
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Total Internal Reflection

® When light goes from a medium with high n into a
medium with low n, rays bend away from the normal.

e At a particular incident angle (critical angle 6_),
the refracted angle becomes exactly 90°.

e At angles greater than 6_ there is no refracted ray at
all. The incident rays are completely reflected !

» this is total internal reflection
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Total Internal Reflection

e What is the condition for total internal reflection?
®» when 6, = . —— refracted angle is 90°

: - YR
n sin0, = n, sin90° = n,

® Remember: this only works when the incident
medium has the higher index of refraction.
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Example: binoculars use 45° prisms to reflect light

For glass with n = 1.5 we find that:

sing, = 1.0/1.5 = 0.67 = 0.= 41.8°

so for 0, = 45°, the light is totally reflected
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Total Internal Reflection

Light ray

is “trapped”
by internal
reflections
if a, B, and
v exceed the
critical angle
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The view from under the water

’

2o N

/

(a)

(-
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ConcepTest 33.4 Refraction

, , 1) n,>n, and the incident angle 6, is
Light passes from a medium of " oreater than the critical angle
index of refraction n into a

second medium of index of
refraction n,. In order for
total internal reflection to

occur, 1t must be true that s _
4) n,<n, and the incident angle 60, 1s
less than the critical angle

2) n,>n, and the incident angle 0, 1s
less than the critical angle

3) n,<n, and the incident angle 8, is
greater than the critical angle
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